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[57] ABSTRACT 

A process for growing crystals of berlinite, comprises 

the steps of: 

(a) preparing in an organic solvent an organoalumi- 
num phosphate organogel, which organogel is free 
of OH in an amount sufficient to form species of 
aluminum hydroxide; 

(b) heating the thus-prepared organoaluminum phos- 
phate organogel in an organic solvent at a tempera- 
ture sufficient to slowly and continuously remove 
water from the organoaluminum phosphate organ- 
ogel and to cause precipitation and growth of ber- 
linite crystals and 

(c) recovering the thus-produced berlinite crystals 
carried out in the presence of a dopant comprising 
a Group IVB metal compound. 

3 Claims, 1 Drawing Sheet 
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PROCESS FOR GROWING BERLINITE CRYSTALS 

TECHNICAL FIELD 

Berlinite is anhydrous aluminum phosphate, crystal- 
lized in the quartz form. Methods of preparing berlinite 
are disclosed by Langer et aL, in U.S. Pat. No. 
4,478,805, herein incorporated by reference. 

Berlinite has commercial value dur to its piezoelec- 10 
trie and electronic properties. High purity berlinite can 
be used as a substitute for quartz in surface acoustic 
wave piezoelectric devices. For applications of this 
type, the berlinite cystals must be of very high purity. 
More particularly, the crystals must be free of iron, 15 
sodium and silicon impurities and must be substantially 
free of water. Water entrapment is a significant prob- 
lem, associated with the growth of large crystals of 
berlinite. 

Langer et al. '805 disclose the preparation of berlinite 20 
using a hydrogel intermediate. This process provides 
berlinite of the purity required for use in piezoelectric 
and electronic applications. However, the crystals pro- 
duced by this process are smaller than required for ^ 
electronic and piezoelectric applications. 

It has been proposed in Japanese Kokai 59/195,513 to 
purify aluminum orthophosphate by heating in a non- 
aqueous solvent, for example, xylene. 

lino et al., in U.S. Pat. No. 4,542,001, have recited 3Q 
preparing fine crystalline aluminum orthophosphate by 
reaction between an aluminum oxide and an aqueous 
phosphoric acid solution. 

The art of aluminum phosphate crystal production 
accordingly makes readily available only small crystals. 35 
Therefore, there is a need for a process for increasing 
the crystal size of very pure berlinite crystals, without 
contaminating the crystals with water or objectionable 
ionic impurities. 

SUMMARY OF THE INVENTION 40 

In one aspect, this invention relates to a process for 
growing crystals of berlinite, comprising the steps of: 

(a) preparing in an organic solvent an organoalumi- 
num phosphate organogel, characterized by an 45 
OH:Al ratio less than or equal to 2; 

(b) heating the thus-prepared organoaluminum phos- 
phate organogel in an organic solvent at a tempera- 
ture sufficient to slowly and continuously remove 
water from the organoaluminum phosphate organ- 
ogel and to cause precipitation and growth of ber- 
linite crystals and 

(c) recovering the thus-produced berlinite crystals 
carried out in the presence of a dopant comprising 55 
a Group IVB metal compound. 

In a further aspect, this invention relates to a process 
for growing berlinite crystals comprising at least one 
cycle of heating feed berlinite crystals in a growth me- 
dium and cooling the thus-heated growth medium, 
wherein the growth medium comprises a partial phos- 
phate ester and a cosolvent selected from an alkoxyalk- 
anol or a dialkyl sulfoxide. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In a preferred embodiment, the organoaluminum 
phosphate organogel can be represented by Formula 1 



0<R) CXRO 1 
ROi-AJ— O— P(=0)ixOR t 

wherein each R and R' is selected from hydrogen, alkyl, 
dialkylaminoalkyl or alkoxyalkyl of up to ten carbon 
atoms or a single bond to oxygen atom of another or- 
ganogel chain, provided that at least some OR is other 
than OH, and x is at least 3. Organoaluminum phosphate 
organogels, in which x is fewer than 3, tend to precipi- 
tate. The value of 3 for n is accordingly sufficient to 
preclude significant precipitation of the organoalumi- . 
num phosphate organogel. 

R and R' therefore include, but are not limited to, 
methyl, ethyl,isopropyl, n-butyl, sec-butyl, isobutyl, 
tert-butyl, hexyl, ethoxyethyl, n-butoxyethyl, isobutox- 
yethyl, propoxyethyl, isopropoxyethyl, butoxypropyl, 
butoxyisopropyl, dimethylaminoethyl, diethylamino- 
propyl, dimethylaminoisopropyl, and other combina- 
tions, containing up to ten carbon atoms, including 
various isomeric propyl, butyl, pentyl and hexyl deriva- 
tives. Preferred species of organogels are those wherein 
R and R' are alkoxyalkyl, particularly alkoxyethyl and 
alkoxypropyt. Most preferred organogels are those in 
which R and R' are 2-n-butoxyethyl. 

It will be understood that the value for x in the for- 
mula of the preferred organoaluminum phosphate or- 
ganogel may be varied over a wide range and that an 
exact value may not be determinable. The preferred 
organogel can therefore be defined in terms of its unit 
formula, Formula II: 

CXR) CKRO 11 
-fo— Ai-o— P(=0)f- 

wherein R and R' are as above. 

It has been found that organogels of Formula I, in 
which n is less than 3, tend to precipitate out of the 
solvent medium. Accordingly, higher organogel oligo- 
mers are preferred. The OH:Al ratio in the organogels 
is selected so as to avoid precipitation of species of 
aluminium hydroxide. It has been found that precipita- 
tion of aluminum hydroxide species occurs at pH above 
about 3.4, particularly above 6.7. It is therefore pre- 
ferred to control the pH of the organogel at values 
below about 6, most preferably below about 3.4. It will 
be understood that a maximum OH:Al ratio, at which 
precipitation is prevented, is about 2. It is preferred to 
use lower OH:Al ratios, particularly below about 1.30. 
Most preferably, the OH:Al ratio is below 1. 

The organoaluminum phosphate organogel is prefer- 
ably made by reaction between an aluminum alkoxide of 
the formula HaAl(OR)3+ a , wherein a is 0-1 and R is 
alkyl, dialkylaminoalkyl or alkoxyalkyl of up to ten 
carbon atoms; and a partial phosphate ester of the for- 
mula 

60 

OR' 

R'0-eP(=o)-otrR' 

65 wherein each R' is hydrogen, alkyl, dialkylaminoalkyl 
or alkoxyalkyl of up to ten carbon atoms; at least one 
OR' is OH; and n is 1-6, at an aluminum :phosphorus 
molar ratio of 1:1 to 1:1.2. 



02/28/2002, EAST Version: 1.02.0008 



4,927,614 



The partial phosphate esters therefore range from 
partial esters of monophosphoric acid through the 
higher polyphosphoric acids, in which n is 6. Polyphos- 
phoric acids esters in which n is aove 6 are, for the most 
part, insoluble. However, soluble higher polyphosphate 5 
esters can also be used. Most preferably n is 1-3. It will 
be understood that the partial phosphate esters can 
include mixtures, both with respect to the number of 
phosphorus atoms in the chain and with respect to the 
number of OH functions esteriEed and that the pre- 10 
f erred species recited essentially correspond to average 
compositions, including mixtures. 

Preferred partial phosphate esters are derived from 
alkoxyalkanols and diphosphoric acid, so that preferred 
partial phosphate esters are bis(n-alkoxy)alkyl diphos- 15 
phoric acids. A most preferred partial phosphate ester 
for making organoaluminum phosphate organogels is 
bis(2-n-butoxy)ethyl diphosphoric acid. 

The partial phosphate esters are, in some cases, com- 
mercially available. For example, bis-(2-ethylhexyl> 20 
phosphoric acid is wide used a solvent for extractive 
purification of phosphoric acid. Other partial phosphate 
esters can be made as recited by Brady et al., U.S. Pat. 
No. 4,301,025, herein incorporated by reference. 

Al uminum alkoxides preferred for preparing the or- 25 
ganoaluminum phosphate organogels are those derived 
from alkanols or alkoxyalkanols, most particularly those 
derived from 2-(n-butoxy)ethanol. Aluminum alkoxides 
of the formula HaAl(OR)3+ a can be made by reaction 
between aluminum and the selected alcohol, under con- 30 
ditions recited by Longer et al. '805, supra. 

In accomplishing growth of berlinite crystals, it is 
preferred to seed the organoaluminum phosphate or- 
ganogel with crystals of berlinite. The crystals can be 
prepared as described by Langer et al. '805. Al tenia- 35 
tiyely, seed crystals, obtained by crystallization of ber- 
linite from phosphoric acid, can be used. The crystalli- 
zation of berlinite from phosphoric acid is disclosed, for 
example, by Poignant et al., Chenu Abs. 95: 142093t or 
Yoshimura et al., Chenu Abs. 95: 124192v. 40 

It has been found that a preferred process for the 
growth of berlinite crystals is one wherein the organo- 
aluminum phosphate organogel is formed continuously 
by the slow addition of an aluminum alkoxide and a 
partial phosphate ester to a reaction mixture, in which 45 
the organogel is being prepared and heated. 

The organic solvent preferably includes an alkanol or 
alkoxyalkanol of up to 10 carbon atoms. These corre- 
spond to compounds of the formula ROH or R'OH, 
wherein R and R' are alkyl or alkoxyalkyl of up to 10 50 
carbon atoms. Preferably, the solvent contains an alkox- 
yalkanol, most preferably an alkoxyethanol. A most 
preferred solvent contains 2-(n-butoxy)ethanol. 

The organic solvent can further be selected from an 
aromatic or aliphatic hydrocarbon of 6 to 15 carbon 55 
atoms. These solvents include hexane, cyclohexane, 
benzene, toluene, heptane, octane, cumene, xylene, hy- 
drogenated propylene trimer, hydrogenated diisobutyl- 
ene and other possible isomers of hydrocarbon com- 
pounds, having 6 to 1 5 carbon atoms. Also included are 60 
petroleum fractions, such as kerosene, containing these 
compounds as components of mixtures. Hexane, ben- 
zene and toluene are preferred hydrocarbon solvents. 

It has been found that the process is particularly ef- 
fective when the organoaluminum phosphate organogel 65 
is formed by reaction between an aluminum alkoxide 
and a partial phosphate ester in the presence of a water- 
entraining agent. A water-entraining agent is a material 



which can remove water from the reaction mixture. 
The water-entraining agent can be included within the 
reaction mixture or can be external to the reaction mix- 
ture. 

Water-entraining agents used within the reaction 
mixture are typically organic materials, having some 
solubility in the solvents used. These materials include, 
but are not limited to, quaternary ammonium salts, qua- 
ternary ammonium hydroxides and completely esteri- 
fied phosphoric and sulfuric acids. The quaternary am- 
monium salts include tetraalkyl ammonium halides, 
particularly chlorides, bromides and iodides. Alcohol 
moieties for esterification of phosphoric and sulfuric 
acids are selected as above. 

A preferred group of water-entraining agents are 
quaternary ammonium hydroxides, particularly tetraal- 
kyl ammonium hydroxides. Preferred quaternary am- 
monium hydroxides are those in which alky! is of 1-4 
carbon atoms, including tetramethyl ammonium hy- 
droxide, tetrabutyl ammonium hydroxide, choline and 
tetraethylammonium hydroxide. Most preferred is tet- 
rapropyl ammonium hydroxide. The quaternary ammo- 
nium hydroxides are, in some cases, commercially avail- 
able. Procedures for the preparation of quaternary am- 
monium hydroxides are given in U.S. Pat. Nos. 
2,363,386; 3,402,115 and 3,523,068, herein incorporated 
by reference. 

The reaction mixture can be treated with a water- 
entraining agent outside the mixture, for example, by 
putting the water entraining agent in the thimble of a 
Soxhlet extractor, through which the mixture is passed 
during heating under reflux. Water-entraining agents 
suitable for removing water in this fashion include cal- 
cium chloride, calcium sulfate, molecular sieves and the 
like. 

Another technique for removing water from the or- 
ganogel is by distillation in the form of an azcotrope. 
This method is particularly preferred when the solvent 
is benzene or toluene, either of which readily forms an 
azeotrope with water. 

The temperature at which the process is carried out is 
normally close to the temperature, at which the solvent 
system undergoes reflux under ambient pressure. The 
preferred temperature range is about 80*- 120* C, for 
preferred solvents, including those containing benzene, 
toluene and xylene. When crystal growth is carried out 
in the presence of a water-entraining agent in a closed 
system, higher temperatures will preferably be used, 
owing to autogenous pressure increases. Temperatures 
in these systems are preferably 160* -200" C. 

In the alternative process of growing berlinite crys- 
tals in a growth medium comprising a partial phosphate 
ester and a cosolvent, it is preferred to use a partial 
phosphate ester is of the formula 

OR' 

I 

R'0-r-P(=0)-OfrR' 

wherein each R' is hydrogen, alkyl, dialkylamirioalkyl 
or alkoxyalkyl of up to 10 carbon atoms, n is 1-6 and at 
least one OR' is OH. 

■ When the cosolvent is an alkoxyalkanol, the pre- 
ferred cosolvent is selected as above. Other cosolvents 
include, but are not limited to, high dielectric non-aque- 
ous liquids such as dialkylformamides, phosphoramides, 
sulfoxides, fully esterified phosphoric acids and nitriles. 
The cosolvents accordingly include hexamethyl phos- 



02/28/2002, EAST Version: 1.02.0008 



4,927,614 

5 6 

phoramide, dimethylformamide, acetonitrile, tributyl Reactions under reflux are earned out in three- 

pbosphate, tripropyl phosphate and the like. Sulfoxide necked flasks equipped with a nitrogen inlet and a me- 

cosolvents generally include dialkyl sulfoxides of up to chanical stirrer. Pressure reactions are carried out in 

to total of 10 carbon atoms. However, the most pre- Fischer-Porter bottles with a standard head coupler, 
ferred cosolvent is dimethylsulfoxide. 5 connected to a manifold containing a pressure gauge, 

The organoaluminum phosphate organogel, from exhaust valve and pressure release valve set to 6.8 atm. 
which berlinite crystals are grown must be free of OH 

in an amount sufficient to form species of al uminum xamp e 

hydroxide. The berlinite seed crystals, formed under the Preparation of Aluminum Alkoxide 

conditions of Langer et al '805, are formed from a hy- 10 M ^ m<)les) m fa ^ thiln . 

drogel, in which water is an essential reactant. In to bleofaSoxhletcxtractor . Dry2 -n-butoxyethanol (527.5 
context, excess water is the amount of water, exceeding ^ a ^ threc . necked flask . 

the essential amount needed to produce alummim hy- * of previously prepared tetraalkoxide, HA1- 

drox.de species. Because water » an undesn^ble con- ^ d / 0 ^ on ^ The sys- 

tammant m pure berUmte angle ■ «ys^ any ™ 15 L Lpurgedwith nitrogen for 16 h. 2-n-Butoxyethanol 

present m the organogel* .used in the pracuce or to J f J j contacl ^ ^ 

mvention must be removed. For when^ue- ^ „ m 

ous phosphonc acid is used, "excess water produced ~. JL c . . r A1 . o 

by fonnation of pyrophosphate ***** b ? P lttin * of ^ surfacc ° f ^ * mg ' 

oy luiumuuu F yi« F uvi F ^ ^ of heating B mcrea sed to cause gentle refluxing. At 

2 H2PO4—H4P2O7+H2O the end of 6 h, all the Al is consumed. The product, 

HAl(OC2H40C4H9-n)4, is transferred to polyethylene 
can be removed by azeotropic distillation or entrain- containers for storage. 

ment with a scavenger or water-entraining agent Other aluminum alkoxides of the formula H<,Al(OR)- 

It has been found that, in utilizing the method of this 25 $ +a are made in a similar fashion, 
invention, bipyramidal prisms of berlinite are obtained if _^ . . 

the process is carried out in the absence of a dopant. p e 

Addition of a dopant, e.g. a Group IVB metal ion, con- Bis-{2-n-butoxyethyl) Diphosphoric Acid 

verts the crystalline habit to prismatic. A preferred taction flask containing 500 ml of methylene 

dopant for the production of prismatic crystals is a 30 ^ & ^ ^ e fc wUh 

titanium compound most preferably a Utam^ alkox- phospnorus pentoxide (270 g, 1.9 moles). 2- 

ide, wherein the alkoxy function u as above. The B (425 ^ moles) ^ added from a drop . 

amount of dopant required tojeaase foraat ^on of p™- m ^ ^ ft £ ut 2 ^ ^ which a gentle 

matic crvstals can be determined by routine expenmen- v J> , , _ ' ,,r. , „ 

™ y 7 ^ 35 reflux occurs. At the end of the addition, only a small 

amount of unreacted P2O5 remains. The contents of the 
BRIEF DESCRIPTION OF THE DRAWING flask are a clear yellow solution. At the end of 24 h 

In FIG. 1 is shown the relationship between pH dur- additional reaction, the contents of the flask are darker 
ing hydrolysis and surface area of resulting species of m color and no P 2 0 5 is observed, 
alininophosphate. 40 3l P NMR analysis indicates that the product is more 

than 90% of diphosphoric acid half ester, containing 
BEST MODE FOR CARRYING OUT THE ^0,- amounts of other partial esters of polyphosphoric 

INVENTION acids, monophosphates and completely-esterified con- 

In a most preferred embodiment, the process of this taminants. 
invention is that wherein the organoaluminum phos- 45 Example 3 

phate organogel is formed continuously by the slow 

addition of an aluminum alkoxide and a partial phos- Formation of Organoaluminum Phosphate Organogel 
phate ester to a reaction mixture, in which the organo- and Isolation of Berlinite Crystals 

gel is being prepared and heated; the organic solvent Tq & Qf 42 of Ho. 3 8Al(OC 2 H40Bu-n)3. 38 in 

includesanalkanoloralkoxyalkanolofupto lOcarbon 50 50mLof tohienein a 250m L three-neck flask, equipped 
atoms and the organogel is formed in the presence of a ^ a Dean , Stark trapf reflux con denser, and dropping 
waternentraining agent ftmncli afe a(Jded a feNV very small ^ed crystals of ber- 

SPECIFIC EMBODIMENTS Unite, obtained by the method of U.S. Pat. No. 

« r - ^ 1- , u •* • u-r a * « 4,478,805. The contents of the flask are continuously 

Without further elaboration it is believed that one 55 ♦ ' u-«t-H „„,<,«. 

. mi T- , _ _ j^^h™ swept with a stream of dry nitrogen and heated under 

skilled in the art can, using the preceding description, _ p / ** _ a „ „v, rtC «^r^ 

utilize the present invention to its fullest extent. The rcfl "* whde * ^ lut ? on of * 0 8 . 5% . ph ° S H ph °™ 

following preferred specific embodiments are, there- acid, 0 g ; of bis(2-n-butoxyethy )P^lAonc Mid ^ 9 

fore, to I construed asmerely illustrative and not limi- of a-butoxyetr^nol m 33 mL of toluene u added at 

tative of the disclosure in any way whatsoever. 60 the rate of about 3 drops/day. It is believed that the 

In the following examples, temperatures are set forth combination of alkanol and partial polyphosphate ester 
in uncorrected in degrees Celsius. Unless otherwise solubilizes the phosphonc acid. Addition of a drop of 
indicated, all parts and percentages are by weight. the phosphate solution causes the alkoxide solution to 

In the examples, n-butoxyethanol is dried over acti- become cloudy. After about half of the phosphate solu- 
vated 4 A molecular sieves and used without further 65 tion is added, a thick gel is formed. The gel dissolves 
purification. Reagent grade phosphoric acid is used. after addition of more phosphate solution. At the end of 
Aluminum of 99.999999% purity is used for the prepa- the addition, berlinite crystals are isolated by diluting 
ration of aluminum alkoxide. the mixture with water and removing the resulting 
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crystals by filtration. The resulting crystals are consid- 
erably larger than the seed crystals. 

EXAMPLE 4 

Growth of Berlinite Crystals in an Organoaluminum 5 
Phosphate Organogel 

In a three-necked flask is placed 20 g of HAl(OR)4, 
125 mL of hexane and 40 mL of ROH, wherein R is 
n-butoxyethyl. To an addition funnel is charged 5 g of iq 
bis(2-n-butoxyethyl)dipbosphoric acid, 2.5 g of 2-n- 
butoxyethanol, 50 mL of hexane and 7 g of 85% phos- 
phoric acid. After addition of a few seed crystals, the 
mixture is heated under reflux while the phosphoric- 
phosphate solution is added slowly and drop wise over is 
several days. After the first portions of phosphoric- 
phosphate solution are added, the mixture in the flask 
forms a gel, which does not redissolve upon adding 20 
mL of n-butoxyethanol. The gel redissolves after about 
75% of the phosphoric-phosphate mixture is added, 20 
about 6 days later. Crystal growth is apparent after 
about one month. 



25 



Example 5 

Growth of Berlinite Crystals in Medium Containing 
Partial Phosphate Ester and Aluminum Alkoxide 

In a round-bottom flask is placed 3.5 g of 85% phos- 
phoric acid, 5 g of bis(2-n-butoxyethyl)diphosphoric 
acid, 18.9 g of hydrogen aluminum tetra(n-butoxyethox- 30 
ide) and 50 mL of hexane, as well as a few seed crystals 
of berlinite. The mixture in the flask is heated under 
reflux to permit crystal growth to occur. 



35 



40 



Example 6 

Berlinite Crystal Growth in the Presence of a 
Water-entraining Agent 

To 20 g of toluene are added successively 5.76 g of 
85% phosphoric acid, 18.9 g of hydrogen aluminum 
tetra(n-butoxyethoxide) and 12.54 g of 40% aqueous 
tetrapropyl ammonium hydroxide. The resulting two- 
phased mixture is transferred to an autoclave and heated 
to 180* C for six days to bring about growth of berlinite 
crystals. 45 

Example 7 

Growth of Berlinite Crystals in the Presence of a 
Water-entraining Agent 

An experiment is done, otherwise as in Example 6, 50 
except that the mixture is heated under reflux to remove 
water before transferring the mixture to an autoclave. 
Toluene codistilled with the water is replaced and the 
mixture in the autoclave is heated as in Example 6. 

Crystals obtained in Examples 2-7 are bipyramidal, 55 
apparently because no metal other than Al is present in 
substantial amounts. 



60 



Example 8 

Cocrystallization of Berlinite with Titanium Phosphate 

To 25 g of toluene are added 15 g of aluminum tris(n- 
butoxyethoxide), 11.3 g of titanium tetraisopropoxide, 
10.8 g of 85% phosphoric acid and 40.6 g of 40% aque- 
ous tetrapropyl ammonium hydroxide. The mixture is 65 
transferred to an autoclave and heated at 180* C. under 
autogenous pressure for 10 days to permit crystal 
growth to occur. The resulting crystals are prisms. 



This experiment shows that use of a Group IVB 
metal dopant converts the crystalline habit of berlinite 
to prismatic. 

Example 9 

Crystal Growth in a Monophosphoric Acid Partial 
Ester 

(a) To a warm sample of mono(n-butoxyethyl)phos- 
phoric acid is added enough toluene to barely avoid 
phase separation. The resulting mixture is heated at 
80*- 120' C. and powdered berlinite is added until the 
solution appears to be saturated. Any toluene lost dur- 
ing this process is replaced. Crystal growth occurs as a 
result of cyclical heating and cooling of the mixture. 

(b) The experiment is otherwise as in Example 9(a), 
except that addition of an aluminum alkoxide, e.g. alu- 
minum tris(n-butoxyethoxide) increases the rate of crys- 
tal growth. Addition of a glycol ether, e.g., n-butoxye- 
thanol suffices to counteract any resulting increase in 
viscosity. 

(c) In an experiment, otherwise as in Example 9(b), 
aluminum alkyl phosphate is added to the mixture. The 
addition of this material enhances the rate of crystal 
growth. 

Example 10 

Determination of Parameters Affecting Gel Structure 

Gel is prepared as above, by reaction between HA1- 
(OCH2CH20Bu-n)4 and bis(n-butoxyethyl)diphos- 
phoric acid (EB2P2) in toluene. The alkoxide is added 
slowly to a stirred solution of EB2P2. The resulting 
reaction can be represented by the equation: 

HAl(EB) 4 +i EB2P2— Al(EB) 3 .iEB 2 P 2 .JEBH 

After half the theoretical amount of aluminum alkox- 
ide is added, a gel is formed. The gel becomes homoge- 
neous after the remainder of the aluminum alkoxide is 
added. 

The gel is characterized by 31 P[ l H] NMR spectros- 
copy, which indicates that all of the starting materials 
reacted. Only broad, featureless resonances are ob- 
served in the monophosphate (about 0 to about 3 ppm) 
and diphosphate (about 15 ppm) regimes. It is proposed 
that the observed line broadening is attributable to large 
numbers of species in the resulting polymer network, 
coupled to 27AJ(100%, 1 = 5/2). 

Solvent is removed from the gel in vacuo to leave a 
highly viscous oil, having the empirical composition 
Al(EB)3jEB2P2iEBH, which gels immediately upon 
exposure to moist air. Derivative thennogravimetric 
analysis produces weight loss in four temperatures 
ranges, 125', 220°, 290' and 315" C. The weight loss at 
125' C is attributed to free alcohol (EBH) in view of 
mass spectrometric data. 

Treatment of the gel with excess water at ambient 
temperatures gives a partially-hydrolyzed solid product 
and produces about 3 moles of HEB. The hydrolyzed 
gel is identified as [Al(OH) 2 P03EB.JEB], Weight loss 
upon pyrolysis occurs at 220" and 305" C. Mass spectro- 
metric data indicates the absence of aluminum alkoxide. 
The weight loss at 220* C. is characteristic of decompo- 
sition of a normal phosphate ester, which decomposes 
to butyl vinyl ether and its oligomers; the weight loss at 
305" C. is attributed to pyrolysis of the sample. Low 
temperature weight loss is caused by decomposition or 
acid hydrolysis of phosphate monoesters and high tem- 
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pcraturc weight loss is caused by pyrolysis of phosphate 
diester. These data support the following empirical 
formula for the gel: 



j [AJ _O_P(=0)-OHLc + l(Al-0-P(=0)-EBLr.2H2O 

0 EB O EB 

1 I 



10 



15 



20 



Hydrolysis of 200 g of gel with water produces 2.5 g 
of a white, water-soluble residue, identified are more 
than 90% of PO(OH)(EB)2 by 3ip[iH] NMR. 

Example 11 

Detennination of Effect of OH: Al Ratios on Products, 
Isolated from Hydrolysis of Organogels 
Organogels made as above are hydrolyzed using 
aqueous ammonia solutions. Surface area of the berlinite 
obtained by hydrolysis is determined before and after 
calcination. Results are given in Table 1. These results 25 
show that, at pH values above about 3.4, particularly 
above 6.7, A1:P ratios increase markedly, owing to the 
onset of hydrolysis and loss of aluminum in the form of 
hydroxo species, which give high A1:P ratios. Products 30 
with high ALP ratios undergo relatively little change in 
surface area as a result of calcination. This behavior is 
consistent with the presence of large amounts of hy- 
droxylated aluminum species. 

A plot of the surface area of hydrolysis products, as a 
function of pH of the filtrate from hydrolysis is pres- 
ented as FIG. 1. The observed break in the curve near 
pH 6 indicates the onset of hydrolysis of aluminum and 
loss of aluminum from the organogel as hydroxo spe- 
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10 

TABLE 1 



Effect of Ammonia Concentration on Surface Area, Calcined 

Surface Area, pH and AJ:P Ratio of Organoalumunira 
Phosphate Organogels . 



Surface Area (m 2 /g) 



Before 



After 



P H A1:P Ratio 



0 


0.8 


47 


3.4 


1 


tu 


1.9 




O. / 


1.43 


0.15 


6.1 




7.1 


K67 


0.22 


35.2 




7.98 


2.18 


0.25 


24.8 


162 


B.25 


2.30 


0.35 


109 




8.9 


3.13 


0.43 


262 




9.2 


3.31 


0.46 


240 




9.28 


3.54 


0.50 


340 


424 


9.44 


3.78 


2S0 






5.0 


1.0 


38S 


406 




5.5 


2.0 


370 


449 


10.2 


6.6 


3.0 


401 


312 




7.2 


4.5 


403 


301 


10.6 


7.2 


6.0 


352 


324 


10.8 


6.7 


9.0 


466 


370 


10.85 


7.3 


12 


504 


400 


11.05 


6.5 


14 


469 


433 


11.10 


7.0 


15 


355 


345 


11.10 


6,2 



The preceding examples can be repeated with similar ^ 
success by substituting the generically or specifically 
described reactants and/or operating conditions of this 
invention for those used in the preceding examples. 

From the foregoing description, one skilled in the art 5Q 
can easily ascertain the essential characteristics of this 
invention and, without departing from the spirit and 
scope thereof, can make various changes and modifica- 
tions of the inention to adapt it to various usages and 55 
conditions. 



I claim: 

1. A process for growing crystals of berlinite, com- 
prising the steps of: 

(a) preparing in an organic solvent an organoalumi- 
num phosphate organogel, characterized by an 
OH:Al ratio less than or equal to 2; 

(b) heating the thus-prepared organoaluminum phos- 
phate organogel in an organic solvent at a tempera- 
ture sufficient to slowly and continuously remove 
water from the organoaluminum phosphate organ- 
ogel and to cause precipitation and growth of ber- 
linite crystals and 

(c) recovering the thus-produced berlinite crystals, 
carried out in the presence of a dopant comprising 
a Group IVB metal compound. 

2. The process of claim 1, wherein the dopant is a 

ti tanium alkOXide. 

3. A process for growing crystals of berlinite, com- 
prising the steps of: 

(a) preparing in an organic solvent an organoalumi- 
num phosphate organogel, characterized by an 
OH:Al ratio less than or equal to 2; 

(b) heating the thus-prepared organoaluminum phos- 
phate organogel in in an organic solvent at a tem- 
perature sufficient to slowly and continuously re- 
move water from the organoaluminum phosphate 
organogel and to cause precipitation and growth of 
berlinite crystals and 

(c) recovering the thus-produced berlinite crystals, 
carried out in the presence of a titanium alkoxide 
dopant, to produce prismatic crystals of berlinit. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4>927>6U 

DATED ; May 22, 1990 

INVENTOR(S) : Horst G. Langer 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

Column 1, line 9, "dur" should correctly read — due . 

Column 2, line 8, "to oxygen" should correctly read « to an oxygen — 

Column 2, line 16, "ethyl , isopropyl , " should correctly read — ethyl, 
•isopropyl, — . 

Column 5, line 21, in the formula, "2H2P0lj H14P2O7+H2O" should 

correctly read 2H3PO4 H4P2O7+H2O . 

Column 9, line .14, "are" should correctly read as — . 

Column 9, line 55, "inention" should correctly read — invention — , 



Signed and Sealed this 
Thirty-first Day of December, 1991 

Attest: 

HARRY F. MANBECK. JR. 
Attesting Officer Commissioner of Patents and Trademarks 
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